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PHOSPHOR AND MANUFACTURING 
METHOD FOR THE SAME, AND LIGHT 

SOURCE 

This is a Divisional of application Ser. No. 12/285,295 filed 5 
Oct. 1, 2008, now abandoned, which is a Divisional of appli 
cation Ser. No. 1 1/182,190 filed Jul. 15, 2005, now U.S. Pat. 
No. 7,476,337, which claims priority to JP 2004-220630 filed 
Jul. 28, 2004 and JP 2005-207215 filed Jul 15, 2005. The 
entire disclosures of the prior applications are hereby incor- 10 
porated by reference herein. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a phosphor used in a dis- 15 
play device Such as a cathode-ray tube (CRT), a plasma dis 
play (PDP), a field emission display (FED), electrolumines 
cence (EL) display, a fluorescent display tube, and an 
illumination device Such as a fluorescent lamp, and a manu 
facturing method of the same, and alight source using the 20 
phosphor. 

BACKGROUND ART 

At present, a discharge type fluorescent lamp and an incan- 25 
descent bulb used as the illumination device involve problems 
that a harmful Substance Such as mercury is contained, and 
life span is short. However, in recent years, a high lumines 
cence LED emitting light of near ultraviolet/ultraviolet to 
blue color has been developed in sequence, and the white 30 
LED illumination for the practical application of the next 
generation has been actively studied and developed, by com 
bining the light of ultraviolet to blue color generated from the 
LED, and a phosphor having an excitation band in a range 
from ultraviolet to blue color. When the white LED illumina- 35 
tion is put to practical use, since efficiency of converting 
electric energy into light is improved, less heat is generated 
and it is constituted of a semiconductor device and the phos 
phor, the white LED has advantages of good lifespan without 
burn-out of a filament as is seen in a conventional incandes- 40 
cent bulb, being strong against vibration and repeated on/off 
operation, and having no harmful Substance such as mercury 
contained therein, thus realizing an ideal illumination device. 
Further, by utilizing the aforementioned characteristic, the 
aforementioned white LED is noted as a backlight for a liquid 45 
crystal display which replaces a CCFL (cold-cathode tube) 
other than as illumination. 

Here, in order to obtain a white light by combining the 
aforementioned LED and the phosphor, generally two sys 
tems are considered. In one of Such systems, white light 50 
emission is obtained by combining a blue light emitting LED 
and a yellow light emitting phosphor (such as YAG:Ce) which 
emits yellow color by receiving and excited by the blue light 
emission, and by a principle of mixed state of lights of blue 
light emission and yellow light emission. 55 

In another system, the white light emission is obtained, by 
combining a near ultraviolet/ultraviolet light emitting LED, a 
red (R) light emitting phosphor by receiving and excited by 
the near ultraviolet/ultraviolet light emission, a green (G) 
light emitting phosphor, a blue (B) light emitting phosphor, 60 
and others, and using a mixed state of the lights of the R, G, B 
and others emitted from the phosphor. A method of obtaining 
the white light emission by the lights of the R,G,B and others 
has wide applications, because an arbitrary light emission 
color other than the white light can be obtained depending on 65 
a combination and a mixing ratio of each phosphor of the R. 
G. Band others. As the phosphors used in the aforementioned 

2 
usage, examples are given Such as YOS:Eu, LaOS:Eu, 
3.5MgO.0.5MgF.GeO, Mn, (La, Mn, Sm).O.S.GaO:Eu 
as the red phosphor, ZnS:Cu, Al, SrAl-O:Eu, BAM:Eu, Mn 
as the green phosphor, and BAM:Eu, Sr. (PO4)Cl:Eu, ZnS: 
Ag, Cl, (Sr, Ca, Ba, mg)o (PO4)Cl:Eu as the blue phosphor. 
Then, by combining the phosphors of the R, G, B, and others 
with a light emitting part such as the near ultraviolet/ultravio 
let light emitting LED, a light Source and an illumination 
device such as an LED emitting white light or the light with 
desired emission color can be obtained. 

However, in the white LED illumination obtained by com 
bining the blue LED and the yellow phosphor (YAG:Ce), the 
light emission on the longer wavelength side of a visible light 
becomes insufficient, thus emitting the light with slightly 
bluish white emission color, and the white light emission with 
slightly reddish white color like an electric bulb can not be 
obtained. 

In addition, in the white LED illumination obtained by 
combining the near ultraviolet/ultraviolet LED and the phos 
phor of R, G, B, and others, the red phosphor out of three color 
phosphors has a deteriorated excitation efficiency, thereby 
exhibiting low emission efficiency, compared to other phos 
phors. Therefore, the mixing ratio of only red phosphor must 
be increased and the phosphor for improving luminance 
becomes thereby insufficient, making it impossible to obtain 
white color with high luminance. Further, a problem involved 
therein is that the aforementioned red phosphor has a sharp 
emission spectrum, thereby exhibiting deteriorated color ren 
dering property. 

Further, from the viewpoint of improving the emission 
efficiency of the light emitting element and the phosphor, in 
the case of the aforementioned YAG:Ceyellow phosphor, the 
YAG:Ce yellow phosphor is in an excitation range with high 
efficiency when it is caused to emit light by using blue light 
emitted from the blue LED, whereby an excellent yellow light 
emission can be obtained. However, when it is caused to emit 
light by using the near ultraviolet/ultraviolet light emitted 
from the near ultraviolet/ultraviolet LED, the YAG:Ceyellow 
phosphor is out of the excitation range with high efficiency, 
and therefore an adequate light emission can not be obtained. 
This means that the excitation range with high efficiency is 
narrow for the YAG:Ce yellow phosphor. 

Then, the problem that the excitation range with high effi 
ciency is narrow for the YAG:Ce yellow phosphor involves a 
situation Such that a wavelength balance of blue color and 
yellow color is lost, because the emission wavelength of the 
blue LED is out of an optimal excitation range of the YAG:Ce 
yellow phosphor by the deviation of an emission wavelength 
caused by the deviation of the light emitting elements during 
manufacturing the blue LED even in a case of light emission 
by using the blue light emitted from the aforementioned blue 
LED. When the aforementioned situation occurs, the problem 
involved therein is that a color tone of the white light which is 
obtained by synthesizing the blue light and the yellow light is 
changed. Here, in manufacturing the LED, it is difficult to 
prevent the deviation of the light emitting elements in the 
present circumstances. Therefore, in order to prevent the 
change of the color tone, the phosphor having characteristics 
of a broad and flat excitation band is desired. 

Therefore, recently, an oxynitride glass phosphor having 
an excellent excitation band on the longer wavelength side 
and capable of obtaining an emission peak with a broad half 
value width (for example, see patent document 1), and a 
sialon-based phosphor (for example see patent documents 2 
and 3), and a silicon nitride-based phosphor containing nitro 
gen (for example, see patent documents 4 and 5) are reported. 
Then, the phosphor containing the nitrogen has a larger ratio 
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of covalent bond than an oxide phosphor, and therefore has an 
excellent excitation band in the light with the wavelength of 
400 nm or more, gathering attention as a white LED phos 
phor. However, such a phosphor fails in reaching a satisfac 
tory level in the present circumstances. 
(Patent document 1) Japanese Patent Laid Open No. 2001 

214162 
(Patent document 2) Japanese Patent Laid Open No. 2003 

336059 
(Patent document 3) Japanese Patent Laid Open No. 2003 

124527 
(Patent document 4) Japanese Patent Laid Open No. 2003 

515655 
(Patent document 5) Japanese Patent Laid Open No. 2003 

277746 

SUMMARY OF THE INVENTION 

In view of the above-described circumstances, the present 
invention is provided, and an object of the present invention is 
to provide a phosphor having an emission characteristic of 
having an emission spectrum with a peak in a wavelength 
range from 580 to 680 nm with a high emission intensity, and 
an excitation band characteristic of having a flat excitation 
band with high efficiency for excitation light in a broad wave 
length range from ultraviolet to visible light (wavelength 
range from 250 to 550 nm) and a manufacturing method of the 
same, and a light source using the phosphor. 

In order to solve the aforementioned problem, the inventors 
of the present invention prepares a plurality of phosphor 
samples. Then, in a process of firing a raw material of the 
phosphor sample, the phosphor sample according to the 
present invention satisfying the aforementioned emission 
characteristic and excitation band characteristic is found from 
fired phosphor samples, with an atmosphere gas ventilated in 
a firing furnace during firing. Then, a crystal structure of the 
phosphor according to the present invention is identified by 
using an X-ray diffraction method. Specifically, the X-ray 
diffraction pattern of the phosphor according to the present 
invention and a JCPDS (Joint Committee on Power Diffrac 
tion Standards) card are compared, and the crystal structure of 
the phosphor according to the present invention is identified. 
As a result, a known crystal structure is found which is con 
sidered to be similar to the phosphor according to the present 
invention. However, the crystal structure having an identical 
crystal face interval is not found. Therefore, it is found that the 
phosphoraccording to the present invention has a new crystal 
structure. Then, the inventors of the preset invention define 
the phosphor according to the present invention, with the 
X-ray diffraction pattern shown by the phosphor according to 
the present invention. (the X-ray diffraction pattern in the 
present invention is used in the same meaning as an X-ray 
diffraction spectrum and an X-ray diffraction chart.) 

Specifically, the present invention takes several aspects as 
follows. 

In a first aspect, a phosphoris provided, comprising a phase 
showing a diffraction peak with relative intensity of 10% or 
more in the Bragg angle (20) range from 36.5° to 37.5° and 
from 41.9° to 42.9° of the X-ray diffraction pattern as a main 
product phase, when the relative intensity of the diffraction 
peak having a highest intensity in a powder X-ray diffraction 
pattern by CoKC. ray is defined as 100%. 

In a second aspect, a phosphor is provided, comprising a 
phase showing a diffraction peak with relative intensity of 
10% or more in the Bragg angle (20) range from 36.5° to 
37.5° and from 41.9° to 42.9°, and from 56.3° to 57.3 of the 
X-ray diffraction pattern, when the relative intensity of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
diffraction peak having a highest intensity in a powder X-ray 
diffraction pattern by CoKo. ray is defined as 100%. 

In a third aspect, a phosphor is provided, comprising a 
phase showing a diffraction peak with relative intensity of 
10% or more in the Bragg angle (20) range from 36.5° to 
37.5° and from 40.9° to 41.9°, 41.9° to 42.9, 56.3° to 57.3°, 
66.0° to 67.0°, 75.8° to 76.8°, and 81.0° to 83.0° of the X-ray 
diffraction pattern, when the relative intensity of the diffrac 
tion peak having a highest intensity in a powder X-ray dif 
fraction pattern by CoKo. ray is defined as 100%. 

In a fourth aspect, the phosphor according to any one of the 
first to third aspects is provided, wherein a crystal system of 
the product phase is an orthorhombic system. 

In a fifth aspect, the phosphor according to any one of the 
first to fourth aspects is provided, wherein the product phase 
is expressed by a composition formula MmAalDbOoNn: Z. 
where element M is at least one or more kind of element 
having bivalent valency, element A is at least one or more kind 
of element having tervalent Valency, element D is at least one 
or more kind of element selected from the elements having 
tetravalent Valency, O is oxygen, N is nitrogen, and element Z 
is at least one or more kind of element selected from rare earth 
elements or transitional metal elements, satisfying in 2/3 
m+a+4/3b-2/3o, m/(a+b) 1/2, (o--n)/(a+b)>4/3, ocO, and 
m:a:b=1:1:1. 

In a sixth aspect, the phosphor according to any one of the 
first to fourth aspects is provided, wherein the product phase 
is expressed by a composition formula MmAalDbNn: Z. 
where element M is at least one or more kind of element 
having bivalent Valency, element A is at least one or more kind 
of element having tervalent Valency, element D is at least one 
or more kind of element selected from the elements having 
tetravalent Valency, N is nitrogen, and element Z is at least one 
or more kind of element selected from rare earth elements or 
transitional metal elements, satisfying m:a:b:n=1:1:1:3. 

In a seventh aspect, the phosphor according to either of the 
fifth aspect or the sixth aspect is provided, wherein the ele 
ment M is at least one or more kind of element selected from 
the group consisting of Mg, Ca, Sr., Ba, and Zn, and the 
element A is Al, the element D is Si, and the element Z is at 
least one or more kind of element selected from Eu, Mn, and 
Ce. 

In an eighth aspect, the phosphor according to any one of 
the fifth to seventh aspects is provided, wherein the element 
M is Ca, the element A is Al, the element D is Si, and the 
element Z is Eu. 

In a ninth aspect, the phosphor according to any one of the 
first to eighth aspects is provided, wherein no diffraction peak 
with relative intensity of beyond 5% exists in the Bragg angle 
(20) range from 38.0° to 40.0° of the X-ray diffraction pat 
tern, when the powder X-ray diffraction pattern of the phos 
phor by Coko. ray is measured, and the relative intensity of 
the diffraction peak with highest intensity in the X-ray dif 
fraction pattern is defined as 100%. 

In a tenth aspect, the phosphor according to any one of the 
fifth to ninth aspects is provided, wherein a wavelength of a 
maximum peak in an emission spectrum is 650 nm or more, 
when the phosphor is irradiated with more than one kind of 
monochromatic lights in a wavelength range from 250 nm to 
550 nm or continuous light including this wavelength range 
as an excitation light. 

In an eleventh aspect, the phosphor according to any one of 
the fifth to tenth aspects is provided, wherein the size (DX) of 
a crystallite of the phosphor particle is 50 nm or more. 
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In a twelfth aspect, the phosphor according to any one of 
the fifth to eleventh aspects is provided, wherein a unit vol 
ume of a crystal lattice of the product phase included in the 
phosphor is 275 A or more. 

In a thirteenth aspect, the phosphor according to any one of 
the fifth to twelfth aspects is provided, wherein a lattice con 
stant of the crystal lattice of the product phase included in the 
phosphor is a 9.75 A or more, b=5.64A or more, and c=5.05 
A or more. 

In a fourteenth aspect, a manufacturing method of the 
phosphoraccording to any one of the first to thirteenth aspects 
is provided, comprising the steps of 

obtaining a mixture by weighing and mixing raw material 
powders of the phosphor; 

obtaining a fired material by firing the mixture in a firing 
furnace; and 

obtaining the phosphor by pulverizing the fired material, 
wherein in the step of obtaining the fired material by firing 

the mixture, any one of the gases such as nitrogen, ammonia, 
mixed gas of the ammonia and the nitrogen, or mixed gas of 
the nitrogen and hydrogen is used as an atmosphere gas 
during firing. 

In a fifteenth aspect, the manufacturing method of the 
phosphor according to the fourteenth aspect is provided, 
wherein the gas containing 80% or more of nitrogen gas is 
used as the atmosphere gas in the firing furnace during firing. 

In a sixteenth aspect, the manufacturing method of the 
phosphor according to either of the fourteenth or fifteenth 
aspect is provided, wherein in the step of obtaining the fired 
material by firing the mixture in the firing furnace, the mix 
ture is fired, while 0.01 L/min or more of atmosphere gas is 
ventilated in the firing furnace during firing. 

In a seventeenth aspect, the manufacturing method of the 
phosphor according to any one of the fourteenth to sixteenth 
aspects is provided, wherein in the step of obtaining the fired 
material by firing the mixture in the firing furnace, the pres 
sure of atmosphere gas is set at 0.001 MPa or more and 0.1 
MPa or less to make the inside the firing furnace in a pressur 
ized state. 

In an eighteenth aspect, a light source is provided, using the 
phosphor according to any one of the first to thirteenth 
aspects. 
The phosphor according to the first to thirteenth aspects of 

the present invention has the excellent emission characteristic 
of having the emission spectrum with a peak in the wave 
length range from 580 to 680 nm and particularly having a 
high emission intensity with a peak in the longer wavelength 
side, e.g. at 650 nm or more, and further has the excitation 
band characteristic of having a flat excitation band with high 
efficiency in a broad wavelength range from ultraviolet to 
visible light (wavelength range from 250 to 550 nm). 

According to the manufacturing method of the phosphor 
described in any one of the fourteenth to seventeenth aspects, 
the oxygen in the phosphor composition described in any one 
of the first to thirteenth aspects is reduced, and the phosphor 
having an emission spectrum with a peak on the longer wave 
length side and having an improved emission efficiency can 
be easily manufactured at an inexpensive manufacturing cost. 

According to a light emission apparatus described in the 
eighteenth aspect, the light emission apparatus having a 
desired emission color, having a high emission intensity and 
luminance, and having high efficiency can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a powder X-ray diffraction pattern of a main 
product phase of a phosphor according to the present inven 
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6 
tion, and the comparison of peaks between the measured 
X-ray diffraction pattern and a JCPDS card. 

FIG. 2 is a graph showing an excitation spectrum of the 
main product phase of the phosphor according to the present 
invention. 

FIG.3 is a graph showing an emission spectrum of the main 
product phase of the phosphor according to the present inven 
tion. 

FIG. 4A is a powder X-ray diffraction pattern of the main 
product phase of the phosphor according to the examples 2 to 
4 of the present invention. 

FIG. 4B is an expanded view of the powder X-ray diffrac 
tion pattern of the main product phase of the phosphoraccord 
ing to the examples 2 to 4 of the present invention. 

FIG. 4C is an expanded view of the powder X-ray diffrac 
tion pattern of the main product phase of the phosphoraccord 
ing to the examples 2 to 4 of the present invention. 

FIG. 4D is an expanded view of the powder X-ray diffrac 
tion pattern of the main product phase of the phosphoraccord 
ing to the examples 2 to 4 of the present invention. 

FIG. 4E is an expanded view of the powder X-ray diffrac 
tion pattern of the main product phase of the phosphoraccord 
ing to the examples 2 to 4 of the present invention. 

FIG. 4F is an expanded view of the powder X-ray diffrac 
tion pattern of the main product phase of the phosphoraccord 
ing to the examples 2 to 4 of the present invention. 

FIG. 4G is an expanded view of the powder X-ray diffrac 
tion pattern of the main product phase of the phosphoraccord 
ing to the examples 2 to 4 of the present invention. 

FIG. 5 is the X-ray diffraction pattern of the conventional 
phosphor according to a comparative example. 

FIG. 6 is the X-ray diffraction pattern of the conventional 
phosphor according to a comparative example. 

FIG. 7 is the powder X-ray diffraction pattern of the main 
product phase of the phosphor according to the examples 7 
and 8 of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The phosphor according to the present invention provides 
the phosphor including a product phase expressed by a com 
position formula such as MmAalDbOoNn:Z (in some cases, 
simply described as “product phase' hereunder). Here, ele 
ment M is at least one or more kind of element selected from 
the elements having bivalent Valency in a main product phase 
of the phosphor, element A is at least one or more kind of 
element having tervalent Valency in the product phase, ele 
ment D is at least one or more kind of element having tetrava 
lent Valency in the product phase, O is oxygen, N is nitrogen, 
and element Z is the element acting as the activator in the 
product phase and is one or more kind of element selected 
from rare earth elements or transitional metal elements. When 
the product phase has a crystal structure defined by an X-ray 
diffraction pattern as will be described later, the product 
phase exhibits an excellent emission characteristic having the 
emission spectrum with a peak in a wavelength range from 
580 to 680 nm and having a high emission intensity, and 
further exhibits an excitation band characteristic having a flat 
excitation band with high efficiency in a broad wavelength 
range from ultraviolet to visible light (wavelength range from 
250 to 550 nm). 

Further, when the product phase has a chemically stable 
composition, an impurity phase not contributing to light 
emission is hardly generated in the composition, and there 
fore the deterioration in the emission characteristic can be 
suppressed, to thereby realize a preferable structure. There 
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fore, in order to have the chemically stable composition, 
preferably, the product phase has the composition expressed 
by the aforementioned composition formula MmAalD 
bOoNn:Z satisfying n=2/3 m+a+4/3b-2/3o, m/(a+b)2 1/2, 
(o+n)/(a+b)>4/3, ocO. However, any one of them, a, and b is 
not 0. 

Further, in the product phase having the aforementioned 
composition formula MmAalDbOoNn: Z, the element M is the 
element having +bivalent valency, the element A is the ele 
ment having +tervalent Valency, the element D is the element 
having +tetravalent Valency, the oxygen is the element hav 
ing-bivalent Valency, the nitrogen is the element having 
tervalent valency. Therefore, when them, a, b, o, and n have 
the composition satisfying n=2/3m+a+4/3b-2/3o, the 
Valency of each element is added to become Zero, and pref 
erably, the composition of the product phase becomes further 
stable compound. Further, in the case of o-0, satisfying m:a: 
b:n=1:1:1:3, the phosphor having excellent emission charac 
teristic and excitation band characteristic is obtained. In any 
case, a slight deviation of the composition from the compo 
sition formula showing the composition of the product phase 
is allowable. 

However, in some cases, the phosphor manufactured to 
satisfy o=0, and m:a:b:n=1:1:1:3 includes the aforemen 
tioned product phase and a slight amount of oxygen. It is 
considered that the oxygen thus slightly contained is the 
oxygen initially contained in the raw material, the oxygen 
mixed in by oxidization of the surface of the material when 
the material is weighed, mixed, and fired, and further the 
oxygen adsorbed on the Surface of the phosphor after firing. 
When judging from an analysis result of the phosphoraccord 
ing to the examples as will be described later, less content of 
the oxygen in the phosphor is preferable from the viewpoint 
of the emission efficiency, and preferably the content of the 
oxygen to the mass of the product phase is 5.0 wt % or less, 
further preferably is 3 wt % or less. 

In addition, when the aforementioned product phase is 
expressed by MmAalDbOoNn:ZZ, preferably an amount of 
the element Z to be added is determined, so that the molar 
ratio Z/(m+z) of the element M to the activator element Z is in 
the range of not less than 0.0001 and not more than 0.50. 
When the molar ratio Z/(m+z) of the element M to the element 
Z is in the above-described range, deterioration in the emis 
sion efficiency can be averted, which is caused by concentra 
tion quenching due to excessive content of the activator (ele 
ment Z). Meanwhile, the deterioration in the emission 
efficiency can also be averted, which is caused by insufficient 
emission contributing element due to inadequate content of 
the activator (element Z). Further, more preferably, the value 
of the Z/(m+z) is in the range of not less than 0.0005 and not 
more than 0.1. However, an optimal value of the range of the 
value of the Z/(m+Z) is slightly fluctuated according to the 
kind of the activator (element Z) and the kind of the element 
M. Further, by controlling the amount of the activator (ele 
ment Z) to be added also, the peak wavelength of the light 
emission of the product phase can be set so as to be shifted, 
and this is effective when adjusting the luminance in the light 
SOUC. 

Meanwhile, in the product phase having the aforemen 
tioned composition formula MmAalDbOoNn: Z, the crystal 
structure of the product phase is changed by controlling the 
molar ratio o of the oxygen, and the peak wavelength of the 
light emission wavelength of the phosphor can be sifted in the 
range from 600 nm to 660 nm. However, in the case of 
ma=b=1, as the concentration of the oxygen is thus 
increased, the light emission characteristic of the phosphoris 
deteriorated. Therefore, the molar ratio o of the oxygen is 
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8 
preferably controlled in the range of Ososm When the oxy 
gen content is in the range of Ososm, the generation of 
impurity composition can be Suppressed, and the deteriora 
tion of the emission intensity of the product phase can be 
prevented. Further preferably, when the oxygen content to the 
mass of the product phase is 3 wt % or less and in the range of 
Osos0.1, the position of a main peak in the X-ray diffraction 
pattern as will be described later is prevented from deviating 
from a preferable range of the Bragg angle (20), and the 
phosphor can exhibit a Sufficient emission intensity. 
When the phosphor of the present invention is manufac 

tured as the raw material of the element M (+bivalent 
valency), the element A (+tervalent valency), the element D 
(+tetravalent Valency), any compound of each nitride and 
oxide may be used. For example, the raw materials may be 
mixed by using the nitride (M.N.), oxide (MO) of the ele 
ment M, and the nitride (AN, DN) of the element A and D. 
Then, by controlling the blending ratio of both of the nitride 
and the oxide, an amount of the oxygen and an amount of the 
nitrogen in the phosphor can be controlled, without changing 
the value of m. As a matter of course, the meaning of the 
nitride and the oxide is not limited to the compound obtained 
by combining with only oxygen, or combining with only 
nitrogen. For example, the compound here is obtained when 
carbonate and oxalate are decomposed during firing, to 
become Substantially oxide, resulting in having the aforemen 
tioned elements and the oxygen. In the case of the nitrogen 
also, the compound has the aforementioned elements and the 
nitrogen. However, for simplifying the explanation, the oxide 
of the aforementioned elements, and the nitride of the afore 
mentioned elements are explained as the compound having 
the aforementioned elements and the oxygen and as the com 
pound having the aforementioned elements and the nitrogen, 
respectively. 

For example, when the raw materials are weighed, under 
the condition of the oxygen molar ratio o=0, and m-a-b=1. 
each raw material may be weighed with the molar ratio of 
MN:AN:DN=1:3:1. Further, at this time, when the acti 
vator element Z is the element having bivalent valency, the 
element Z replaces a part of the element M. Therefore, when 
Sucha replacement is taken into consideration and the product 
phase is expressed by MmAalDbNn:ZZ. preferably (m+z) 
=a=b=1 is established. Thus, the composition of the product 
phase can have a chemically stable composition. Also, when 
the raw materials are weighed under the condition of the 
oxygen molar ratio o=0.25 and m-a-b=1, each raw material 
may be weighed with the molar ratio of MN:MO:AN: 
DN-0.75:0.75:3:1. 
The element M is preferably at least one or more kind of 

element selected from the group consisting of Be, Mg, Ca,Sr. 
Ba, Zn, Cd, and Hg, further preferably is at least one or more 
kind of element selected from the group consisting of Mg, Ca, 
Sr., Ba, and Zn. 
The element A is preferably at least one or more kind of 

element selected from the element having tervalent valency 
such as B (boron), Al. Ga, In, T1, Y. Sc, P. As, Sb, and Bi, and 
further preferably is one or more kind of element selected 
from the group consisting of B, Al, and Ga, and most prefer 
ably is Al. As the A1, preferably AlN is used as a general 
thermoelectric material and structural material, is easily 
available at a low cost, and in addition, has a small environ 
mental load. 
The element D is preferably at least one or more kind of 

element selected from the group consisting of C. Si, Ge, Sn, 
Ti, Hf, Mo, W. Cr, Pb, and Zr, is further preferably the ele 
ments Si and/or Ge, and is most preferably the element Si. As 
the Si, preferably SiNa, which is nitride, is used as the 
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general thermoelectric material and structural material, is 
easily available at a low cost, and in addition has a small 
environmental load. 
The element Z is preferably one or more kind of element 

selected from the rare earth elements or the transitional metal 
elements. From the viewpoint of exhibiting a sufficient color 
rendering properties by each kind of white light source Such 
as the white LED lighting unit using the phosphor of the 
present invention, preferably the light emission of the product 
phase has the spectrum with a broad half value width. In 
addition, from the same viewpoint, preferably the element Z 
is one or more kind of element selected from the group con 
sisting of Eu, Mn, Sm, and Ce. Among these elements, when 
Eu is used as the element Z, the product phase has the emis 
sion spectrum with a half value width of 50 nm or more in the 
range from orange color to red color, exhibiting a strong light 
emission with high emission efficiency. Therefore, this is 
preferable as the activator of each kind of light source such as 
a white light illumination and a white LED. In addition, the 
phosphor having the light emission with different wave 
lengths can be obtained, in accordance with the kind of the 
element Z which replaces a part of the element M in the 
composition of the product phase. 

Particularly, when the light emission apparatus with excel 
lent color rendering properties is manufactured by using the 
aforementioned phosphor, preferably the peak wavelength of 
the emission wavelength of the phosphor is set at 650 nm or 
more, and further preferably is set at 6565 mm or more. Here, 
as a general manufacturing method of the phosphor, the con 
centration of the activator element Z (here, the element Z is 
Eu, and is referred to as Eu in some cases hereafter) is 
increased, whereby the emission wavelength can be shifted 
toward the longer wavelength side. However, a phenomenon 
of concentration quenching occurs, such that the emission 
efficiency is deteriorated when the concentration of Eu is 
excessively increased. Therefore, the inventors of the present 
invention study on shifting of the emission wavelength fur 
ther to the longer wavelength side without excessively 
increasing the content of Eu. As a result, although as will be 
described in detail, a structure is realized, in which the emis 
sion wavelength is efficiently shifted to the longer wavelength 
side by controlling a unit lattice of the crystal structure 
included in the phosphor. 
As a result, the peak wavelength of the phosphor can be set 

at 650 nm or more without decreasing the emission efficiency, 
and chromaticity points of the light emission of the phosphor 
is substantially 0.65 or more on the x-axis, and 0.35 or less on 
the y-axis on the CIE chromaticity coordinates. Therefore, 
the emission spectrum of the phosphor takes the coordinates 
infinitely close to red color of the right end on the CIE chro 
maticity coordinates, and color reproducibility of the red 
color is improved as the light emission apparatus. In addition, 
when the light source emitting white light is manufactured by 
combining the phosphor of this invention and other phosphor, 
the mixing ratio of a red phosphor can be reduced, compared 
to the case of manufacturing the white light of the same color 
temperature by using the conventional red phosphor (for 
example, comparative example 1). 

Particularly, in the white LED illumination obtained by 
combining the blue LED and the yellow phosphor (YAG:Ce), 
when the correlated color temperature of the light emission 
apparatus is set in the range from 7000K to 2500K by mixing 
with the phosphor of the present invention, the light emission 
apparatus exhibiting a significantly preferable color render 
ing properties is obtained, having 80 or more of average color 
rendering index Ra, and further preferably having 80 or more 
of R15 and 60 or more of R9. Further, when the color render 
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10 
ing property described above is exhibited, the mixing amount 
of the phosphor according to the present invention may be 
20% or less of the yellow phosphor (YAG:Ce), and in this 
case, the light emission apparatus with excellent color ren 
dering properties having 80 or more of Ra can be obtained 
without reducing the emission efficiency of the yellow phos 
phor. 
When the phosphor of the present invention is used in a 

powdery shape, the average particle size of the phosphor 
powder is preferably 20 Lum or less. This is because the light 
emission appears to occur mainly on the Surface of the par 
ticle in the phosphor powder, and therefore when the average 
particle size (note that the average particle size of the present 
invention refers to a median size (D50).) is 20 um or less, the 
Surface area per unit weight of the powder can be secured, and 
the deterioration in luminance can be prevented. Further, 
when the powder is formed in a pasty state and is applied to a 
light emitting element or the like also, the density of the 
powder can be increased. From this viewpoint also, the dete 
rioration in luminance can be prevented. In addition, accord 
ing to the study of the inventors of the present invention, 
although detailed reason is unknown, from the viewpoint of 
the emission efficiency of the phosphor powder, it was found 
that preferably the average particle size was larger than 0.1 
um. As described above, the average particle size of the phos 
phor powder of the present invention is preferably 0.1 um or 
more and 20 Lum or less, and further preferably 3.0 um or more 
and 15 um or less. The average particle size (D50) specified 
here is the value measured by an LS230 (laser diffraction 
scattering method) manufactured by Beckman Coulter Inc. 
Also, from the aforementioned viewpoints, the value of the 
specific surface area (BET) of the phosphor powder of the 
present invention is 0.05 m/g or more and 5.00 m/g or less. 

Next, a powder X-ray diffraction pattern shown by the 
phosphor of the present invention will be explained with 
reference to FIGS 1A and 1B. 

FIG. 1A is the powder X-ray diffraction pattern by CoKo. 
ray of the phosphor according to an example 1 as will be 
described later as an example of the phosphoraccording to the 
present invention, and FIG. 1B is a comparative result of 
peaks between the X-ray diffraction pattern and a JCPDS 
card. Here, peak data that occupies an upper halfportion of 
FIG. 1B shows the Bragg angle (20) and intensity of a main 
peak shown in FIG. 1A by the position and height of a line 
segment. Next, the card peak that occupies a lower halfpor 
tion shows the Bragg angle (20) and intensity of a main peak 
of CaAlSiN. (39-0747) crystal described in the JCPDS card 
by the position and height of the line segment. (However, for 
simplifying the comparison between both peaks, the JCPDS 
card peak intensity of CaAlSiN. crystal is described by turn 
ing upside down.) 
As clearly shown from the comparison between the both 

peaks shown in FIG. 1B, overall patterns of the main peaks of 
the phosphor of the present invention and the CaAlSiN. crys 
tal described in the JCPDS card are similar. However, if the 
both peaks are observed in detail, any peak of the phosphor of 
the present invention is Lifted toward a smaller Bragg angle 
(20), and although there is a similarity between each crystal 
structure, these crystal structures have different crystal face 
intervals. The difference between both crystal structures is 
possibly caused as follows. Nitride raw materials such as 
CaN, MN, and SiNa are used totally in the element forming 
a matrix structure of the phosphor according to the present 
invention, while CaO. AlN, and SiNa are used as the raw 
materials in the CaAlSiN described in the JCPDS card. 
Therefore, there is a difference in the amount of the oxygen 
present in both crystal structures, and a part of Ca is replaced 
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with Eu in the case of the phosphor according to the present 
invention. However, the overall patterns of the main peaks are 
similar, and therefore it appears that the product phase of the 
phosphor according to the present invention also has an 
orthorhombic crystal system similar to the CaAlSiN. crystal 
described in the JCPDS card. 
As described above, the inventors of the present invention 

consider that although the product phase of the phosphor of 
the present invention has the crystal system similar to the 
CaAlSiN. crystal described in the JCPDS card, the phosphor 
according to the present invention has a new crystal structure 
having different crystal face intervals. Therefore, the struc 
ture of the phosphoraccording to the present invention having 
the new crystal structure is defined by the X-ray diffraction 
pattern shown by the phosphor. 

Here, the main peak in the X-ray diffraction pattern of the 
product phase included in the phosphor of the present inven 
tion will be explained. 
As clearly shown in FIG. 1A, the product phase included in 

the phosphor according to the present invention had charac 
teristic peaks in the Bragg angle (20) range from 36.5° to 
37.5°, 40.9° to 41.9°, 41.9° to 42.9, 56.3° to 57.3°, 66.0° to 
67.0°, 75.8° to 76.8°, and 81.0° to 83.0°, and among these 
ranges, the peak in the range from 36.5° to 37.5°, and 41.9° to 
42.9° had a high intensity and particularly characteristic, 
followed by the characteristic peak in the range from 56.3° to 
57.3, and any of these peaks was a diffraction peak having 
10% or more of relative intensity, when the relative intensity 
of the diffraction peak having the highest intensity in the 
X-ray diffraction pattern was defined as 100%. All of the 
characteristic diffraction peaks show that the crystal phase 
having a large crystal face interval than the CaAlSiN. crystal 
described in the aforementioned JCPDS card is generated as 
a single phase. 

Further, if these peaks are observed from the viewpoint of 
the half value width of the diffraction pattern, the half value 
widths of these diffraction peaks are all 0.25° or less. These 
sharp diffraction peaks show that the product phase has not an 
amorphous structure but a structure excellent in crystallinity. 
The relation between the aforementioned X-ray diffraction 

pattern, and the excellent emission characteristic and the 
excellent excitation band characteristic shown by the phos 
phor of the present invention has not been clarified yet, but is 
considered as follows. 

First, it appears that there is a close relation between the 
fact that the X-ray diffraction pattern shows a peak pattern 
wherein a target product phase is obtained by a single phase, 
and the fact that the phosphor of the present invention has the 
excellent emission characteristic and the excellent excitation 
band characteristic. When the target product phase is thus 
obtained by a single phase, as a result, the peaks of the raw 
materials (Ca,Na, AlN. SiNa, and Eu2O) used for manufac 
turing the phosphor are not observed in the X-ray diffraction 
pattern. Specifically, during manufacturing the phosphor, in 
the case of an inadequate firing temperature and improper 
mixing amount of the raw materials, the raw materials exces 
sively exists other than the target product phase, thereby 
reducing the amount of the phosphor per unit area irradiated 
with excitation light, and the raw materials thus excessively 
exist absorb the excitation light and emitted light, whereby 
the emission efficiency of the phosphor is deteriorated and the 
excellent emission characteristic can not be obtained. 
Accordingly, when there is no peak observed in the raw 
material in X-ray diffraction pattern, it appears that the phos 
phor to be measured has the excellent emission characteristic 
and the excellent excitation band. 
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12 
Further, it appears that a high intensity of the X-ray dif 

fraction peak reflects a high crystallinity of the product phase. 
When the light emission easily occurs around Eu" in the 
product phase because of a higher crystallinity of the product 
phase and this structure further continues regularly, the excel 
lent emission characteristic is obtained. Meanwhile, when the 
X-ray diffraction peak intensity is weak and the crystallinity 
is considered to be low, an order of the structure around the 
Eu" serving as the center of the light emission is insufficient. 
Therefore, a distance between each Eu" ions becomes too 
close, to thereby cause the concentration quenching and the 
situation that the Eu" does not enter the site where the Eu" 
must enter. Therefore, the excellent emission characteristic 
can not be obtained. 

Finally, the inventors of the present invention found that the 
relative intensity of the peak observed near the Bragg angle 
(20) range from 38.0 to 40.0 was weak and further preferably 
no diffraction peak was observed in both ranges from 38.5 to 
39.5° and 44.0 to 45.0°, and this reflects the fact that the 
excellent emission characteristic and the excellent excitation 
band characteristic can be obtained. This is because the peak 
observed near the Bragg angle (20) range from 38.0 to 40.0° 
is considered to the peak of AlN which is the raw material of 
the phosphor. Namely, as described above, during manufac 
turing the phosphor, in the case of the inadequate firing tem 
perature and improper mixing amount of the raw materials, 
residual raw material exists in the phosphor after firing, hav 
ing harmful effects on the emission characteristic or the like. 
Among the residual raw materials, if AlN remains, the 
residual AlN absorbs the emitted light and the excitation light 
of a phosphor sample because the AlN is gray, thereby 
directly leading to the deterioration of the emission intensity. 
Therefore, in order to obtain the phosphor with high emission 
intensity, a weaker diffraction peak intensity of the AlN near 
the range from 38.0 to 40.0° is preferable. Specifically, when 
the powder X-ray diffraction pattern by CoKo. ray is mea 
sured and the relative intensity of the diffraction peak with 
highest intensity in the X-ray diffraction pattern is defined as 
100%, it is preferable to allow no diffraction peak with the 
relative intensity of beyond 5% to exist. Further preferably, 
absolutely no diffraction peak (considered to be the diffrac 
tion peak of AlN) is observed in both ranges from 38.5 to 
39.5° and 44.0 to 45.0°. 

Here, explanation will be given to a measuring method of 
the powder X-ray diffraction pattern of the phosphor accord 
ing to the present invention. 
The phosphor to be measured was pulverized up to a pre 

determined average particle size (preferably 1.0 Lum to 20.0 
um) by using pulverizing means such as the mortar and the 
ball mill after firing, and a holder made of titanium was filled 
with the phosphor thus pulverized to form a flat surface, then 
the phosphor was measured by an XRD apparatus, “RINT 
2000” by RIGAKUDENKI CO.,LTD. Measurement condi 
tions are described below. 
Used measuring apparatus: “RINT 2000” by RIGAKU 
DENNKI CO.,LTD. 

X-ray tube bulb: Coko. 
Tube voltage: 40 kV 
Tube current: 30 mA 
Scanning method: 20/0 
Scanning speed: 0.3°/min 
Sampling interval: 0.01 
Start angle (20): 10° 
Stop angle (20): 90° 
It appears that the deviation of the Bragg angle (20) is 

generated by factors such as an unflat sample face irradiated 
with X-ray, a measurement condition of the X-ray, and par 
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ticularly difference in the scanning speed. Therefore, it 
appears that a slight deviation is allowable in the range where 
the aforementioned characteristic diffraction peak is 
observed. In this specification, in order to restrain Such a 
deviation, the scanning speed is set at 0.3/min, and in this 5 
condition, Si is mixed in the phosphor sample, and the devia 
tion of Si peak is corrected after X-ray measurement, to 
thereby determine the Bragg angle (20). 

Further, a crystal structure analysis of the phosphor sample 
was conducted by the inventors of the present invention by 
using a Rietveld method, based on the powder X-ray mea 
Surement result, in association with the measurement of a 
peak position of the XRD. By the Rietveld method, more 
accurate model of the crystal structure is guided by making 
various kinds of structural parameters more precise by a least 
square method in the model of the latter diffraction intensity 
of the X-ray, so as to make the difference small between a 
X-ray pattern obtained from an actual measurement and a 
X-ray pattern obtained from the theoretical calculation using 
a model of the estimated crystal structure. A program 
“RIETAN-2000' was used for a Rietveld analysis and the 
crystal structure of the CaAlSiN. described in the JCPDS 
card 30-0747 was used. 
As a result of the analysis of the crystal structure by the 

Rietveld method, as shown in table 1, the lattice constant of 25 
the a-axis, b-axis, and c-axis in the crystal lattice of the 
phosphor sample was increased, in association with improve 
ment of the emission characteristic of the phosphor sample, 
and along with this, the increase in Volume of the crystal 
lattice was also observed. The volume is thus increased at a 
rate proportional to the decrease of the amount of the oxygen 
contained in the phosphor sample, and by such a decrease of 
the amount of the oxygen, the Volume of the crystal lattice is 
increased. A detailed reason of this phenomenon is unknown. 
However, when the oxygen enters a CaAlSiN lattice which 35 
constitutes the phosphor sample, the oxygen replaces the 
nitrogen in the lattice. Here, the lattice volume of the impurity 
phase which is generated by mixing-in of the oxygen is mailer 
than the lattice Volume of the chase having no oxygen mixed 
in. Therefore, it is considered that when the ratio of the 
impurity phase is large, the lattice Volume of the phosphor 
sample in total becomes Small. Accordingly, when the lattice 
constant and the lattice Volume become large, the size of 
crystallites becomes large by decreasing of the ratio of the 
impurity phase, and this reveals that purer phase is generated. 
As a result of inspecting the relation between the emission 

characteristic of the phosphor and the amount of the oxygen 
contained therein as an impurity by using various phosphor 
samples, it was found that in order to obtain the phosphor 
having 650 nm or more of emission peak wavelength, the 
amount of the oxygen contained as the impurity was prefer 
ably 3.0 wt % or less, and the lattice constant of each crystal 
lattice was a 9.75 A or more, b=5.64A or more, c=5.05 A or 
more, and the volume of the crystal lattice was 275.0 A or 
more, and further preferably a-9.80 A or more, b=5.65 A or 
more, c=5.06 A or more and the volume of the crystal lattice 
was 280.5 A. (In this invention, the a-axis, b-axis, and c-axis 
are shown in the order of the length satisfying ad-bec. The 
same thing can be said even if the order of the a, b, c is 
replaced with each other depending on determining the 
atomic coordinates.) 

In addition, the relation between the emission characteris 
tic of the phosphor and a crystallite size was inspected by 
using the aforementioned phosphor sample. Here, the crys 
tallite size was obtained by the method described hereunder. 

First, a half value width B was calculated for a plurality of 
diffraction peaks of the diffraction pattern obtained by the 
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14 
powder X-ray diffraction measurement of the phosphor 
sample according to the present invention. Then, by using a 
Sherrer's formula Dx=0.9WB cos 0 (wherein, DX is the size 
of a crystallite, W., is the wavelength of X-ray used for mea 
surement, B is the half value width of the diffraction peak, and 
0 is the Bragg angle of the diffraction peak), an averaged size 
(DX) of the crystallite was obtained from the diffraction peak 
in the Bragg angle (20) range from 36.5° to 37.5, 41.9° to 
42.9°, and 56.3° to 57.3°. Then, it is reveled that the larger the 
size of the crystallite, the more improved in the crystallinity of 
a phosphor particle thus manufactured, and the improvement 
of the emission efficiency can be estimated. As a result of 
inspecting the relation between the emission characteristic of 
the phosphor and the crystallite size, by using various kinds of 
phosphor samples, it was found that in order to obtain the 
phosphor having 650 nm or more of emission peak wave 
length, it was found that the crystallite size was 20 nm or 
more, more preferably was 50 nm or more, and further pref 
erably 90 nm or more. 
As described above, the inventors of the present invention 

achieves the crystal structure, the lattice constant, and the 
crystallite size contributing to the improvement of the emis 
sion characteristic of the phosphor sample by using the 
Rietveld method and the Sheller formula, and an importance 
of controlling the oxygen concentration in the phosphor 
sample for controlling the crystal structure, the lattice con 
stant, and the crystallite size. Therefore, after further study 
ing, the inventors of the present invention achieves the manu 
facturing method of the phosphor capable of controlling the 
oxygen concentration in the phosphor sample, and explana 
tion will be given thereto hereunder. 

First, in the manufacture of the phosphor, as a source of 
mixing-in of the oxygen in the step before firing, the oxygen 
contained in the raw materials and the oxygen adhered to the 
crucible or the like are considered. Therefore, it is important 
to reduce the amount of the oxygen thus mixed-in. However, 
it is difficult to remove all of the oxygen thus mixed-in. Here, 
the inventors of the present invention achieves the structure 
wherein the oxygen is removed in the step of firing in the 
phosphor manufacture, by making an atmosphere gas in a 
firing furnace reductive atmosphere at high temperature, to 
thereby decompose and nitride the raw material. 

Further, as a result of studying on a reduction method of the 
amount of the oxygen remaining in the phosphor after firing, 
the inventors of the present invention achieved the possibility 
that the oxygen contained in Eu2O, as the raw material was 
released by the high temperature reductive atmosphere and 
recombined to a crystalline phase of the phosphor generated 
during firing. Therefore, the inventors of the present invention 
achieved also the structure wherein in the firing step of the 
phosphor, the atmosphere gas was ventilated in the firing 
furnace, thereby controlling the ventilation flow rate to carry 
away the oxygenthus released from the sample to the outside 
the firing furnace. 

Specifically, the atmosphere gas was continuously flown/ 
exhausted in or out of the firing furnace. In this condition, the 
effect of reducing the amount of the oxygen in the sample was 
confirmed at 0.01 L/min or more of the ventilation amount, 
and a remarkable effect was confirmed with the increase of 
the ventilation amount. Accordingly, from the viewpoint of 
improving the emission characteristic of the phosphor, pref 
erably the atmosphere gas to be introduced in the furnace is 
preferably ventilated at 0.01 L/min or more from the initial 
period offiring, and further preferably ventilated at 1.0 L/min 
O. O. 

Meanwhile, the pressure of the firing furnace in a firing 
step in the phosphor manufacture is preferably set in a pres 
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Surized State so that the oxygen in an atmosphere is not mixed 
in the furnace. However, when the pressure is beyond 0.1 
MPa, a special pressure withstanding design is required in a 
design of a furnace installation. Therefore, preferably the 
pressure is 0.1 MPa or less in view of a productivity. In 
addition, when the pressure is increased, sintering between 
phosphorparticles progresses excessively, thus making it dif 
ficult to pulverize after firing. Therefore, the pressure is pref 
erably set at 0.001 MPa or more, and 0.05 MPa or less. 
The atmosphere gas to be ventilated in the firing furnace is 

not limited to nitrogen, but any one of the ammonia, the mixed 
gas of the ammonia and the nitrogen, or the mixed gas of the 
nitrogen and the hydrogen may be used. However, as 
described above, when the oxygen is contained in the atmo 
sphere gas, an oxidizing reaction of the phosphor particle 
occurs. Therefore, it is preferable to have the oxygen con 
tained in the atmosphere gas as impurity, as little as possible, 
and preferably 100 ppm or less oxygen is contained therein. 
Further, when moisture is contained in the atmosphere gas, in 
the same way as the oxygen, the oxidizing reaction of the 
phosphor occurs during firing. Therefore, it is preferable to 
have the moisture contained as impurity, as little as possible, 
and preferably 100 ppm or less moisture is contained therein. 
Here, when a single gas is used as the atmosphere gas, a 
nitrogen gas is preferable. Although firing by using ammonia 
gas independently may be possible, the ammonia gas is 
increased in a cost and is corrosive gas. Therefore, a special 
treatment is required for an apparatus and an exhausting 
method at a low temperature. Accordingly, when the ammo 
nia is used, lower concentration of the ammonia is preferable 
by mixing with the nitrogen. For example, when the mixed 
gas of the nitrogen gas and the ammonia is used, preferably 
the nitrogen is set at 80% or more, and the ammonia is set at 
20% or less. Also, when the mixed gas of the nitrogen and 
other gas is used, nitrogen partial pressure is decreased in the 
atmosphere gas when gas concentration other than the nitro 
gen is increased. Therefore, from the viewpoint of accelerat 
ing a nitriding reaction of the phosphor, inert or reductive gas 
containing 80% or more of nitrogen is preferably used. 

Next, the manufacture of Cass AlSiN.Eucoso will be 
explained as an example of the manufacturing method of the 
phosphor according to the present invention. 

Each nitride raw material of the element M, the element A, 
and the element D may be a commercially available raw 
material. However, higher purity is preferable and the raw 
material with 2N or more, further preferably with 3N or more 
is therefore prepared. Preferably, the particle diameter of each 
particle of the raw material is generally a fine particle from the 
viewpoint of accelerating reaction. However, the particle size 
and the shape of the phosphor obtained are changed accord 
ing to the particle size and the shape of the raw material. 
Therefore, by adjusting to the particle diameter required for 
the phosphor finally obtained, the nitride raw material and the 
oxide raw material having the particle approximating to the 
particle size of the phosphor thus obtained, may be prepared. 

In regards to the raw material, from the viewpoint of the 
productivity of the phosphor, the average particle size of each 
raw material is preferably set at 0.1 um or more, and 5.0 um 
or less. Of course, preferably all the raw materials have the 
average particle size of 0.1 um or more and 5.0 um or less. 
However, by using the raw material having the aforemen 
tioned average particle size for AlN and SiNa, which are the 
raw materials of the element forming a matrix structure hav 
ing higher melting points, the phosphor having an excellent 
emission characteristic can be manufactured. 
As the raw material of the element Z, the commercially 

available raw material Such as nitride or oxide raw material, is 
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preferable. Of course, higher purity of each raw material is 
preferable, and the raw material with 2N or more, further 
preferably with 3N or more is therefore prepared. Note that 
the oxygen contained in the oxide raw material of the element 
Zis slightly Supplied in the composition of the product phase. 
Therefore, it is preferable to take an oxygen Supply amount 
into consideration, when studying on blending the aforemen 
tioned element M raw material, element Araw material, and 
element D raw material. When the oxygen is contained as 
little as possible in the composition of the product phase, a 
simple substance of the element Z or the nitride of the element 
Z may be used as the raw material. However, as described 
above, by ventilating the atmosphere gas in the firing furnace, 
the amount of the oxygen in the composition can be reduced 
during firing. Therefore, preferably the oxide of the element Z 
which is easily available at a low cost on manufacturing may 
be used. 
When manufacturing Caoloss AlSiNa:Eulooso, Ca-N-(2N), 

AlN(3N), SiN.(3N) may be prepared respectively as the 
nitride of the element M, the element A, and the element D, 
for example. EuO(3N) is prepared as the element Z. 

These raw materials are weighed and mixed to become 
0.985/3 mol of CaN, 1.0 mol of AIN, 1/3 mol of SiN., and 
0.015/2 mol of EuO, so that the molar ratio of each element 
becomes Ca: A1: Si:Eu=0.985:1:1:0.015. 
The nitride of each raw material element is easily influ 

enced by oxygen and humidity, and therefore it is preferable 
to operate the weighing and mixing in a glove box under an 
inert atmosphere. The inert gas used as an atmosphere may be 
used, from which the oxygen and the humidity is sufficiently 
removed. When the nitride raw material is used as each raw 
material element, a dry mixing system is preferable as a 
mixing system to avoid the decomposition of the raw mate 
rial. A usual dry mixing method using a ball mill and a mortar 
may be used. 
The raw material thus mixed is put in a crucible, retained 

and fired in the inert atmosphere such as nitrogen at not less 
than 1000°C., preferably at not less than 1400°C., and more 
preferably at not less than 1500° C. and not more than 1600° 
C. for 30 minutes or more. Note that higher firing temperature 
allows the solid-phase reaction to progress rapidly, thereby 
shortening a retaining time. However, excessively higher fir 
ing temperature allows the sintering between particles to 
become violent, thereby progressing aparticle growth, 
whereby a coarse particle is generated and an evaporation or 
reduction of the raw material occurs. Therefore, preferably 
the firing temperature is set at 1600° C. or less. Meanwhile, 
even when the firing temperature is low, a target emission 
characteristic can be obtained by maintaining the aforemen 
tioned temperature for a long time. In addition, longer sinter 
ing allows a particle growth to progress, thereby enlarging a 
particle shape. Therefore, the sintering time may be set in 
accordance with a target particle size. 

Note that as described above, when the atmosphere gas is 
continuously ventilated in the firing furnace during firing, the 
effect of reducing the amount of the oxygen in a phosphor 
crystal is confirmed at 0.01 L/min or more of the ventilation 
amount, and the effect becomes remarkable with the increase 
of the ventilation amount. Accordingly, preferably 0.01 
L/min or more of the atmosphere gas to be introduced in the 
furnace is ventilated from the initial period of firing, and 
further preferably 1.0 L/min or more of the atmosphere gas is 
ventilated. 

Further, when the crucible formed of BN (boron nitride) is 
used as a crucible, preferably the mixing-in of the impurities 
from the crucible can be prevented. After completing the 
firing, the fired material is taken out from the crucible, and is 
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pulverized up to a predetermined average particle size by 
using pulverizing means such as a mortar and a ball mill, 
whereby the phosphor containing the product phase 
expressed by the composition formula Cacoss AlSiN:Euloos 
can be manufactured. 

Even when other element is used as the element M, the 
element A, the element D, and the element Z, and an activat 
ing amount of an activator Eu is changed, the phosphor con 
taining the product phase having a predetermined composi 
tion formula can be manufactured by the same manufacturing 
method as described above, by adjusting the blending amount 
of each raw material during mixing to a predetermined com 
position ratio. 
As described above, the phosphor according to the present 

invention has an excellent excitation band in a broad range 
from the ultraviolet to visible light (wavelength range from 
250 to 550 nm), and the emission intensity of the aforemen 
tioned phosphoris high. Therefore, by combining with a light 
emission part emitting the light of the ultraviolet to blue color, 
the light source and the LED with high output and further an 
illumination unit including Such light source and LED can be 
obtained. 

Specifically, by combining the phosphor according to the 
present invention in a powdery state with the light emission 
part (particularly, the light emission part emitting the light 
with the wavelength range from 250 nm to 550 nm) by the 
known method, various display device and illumination units 
can be manufactured. For example, by combining with a 
discharge lamp generating the ultraviolet light, a fluorescent 
lamp, the illumination unit and the display device can be 
manufactured, or by combining with the LED light emitting 
element emitting the light of the ultraviolet to blue color also, 
the illumination unit and the display device can be manufac 
tured. Further, by combining the phosphor of the present 
invention with an apparatus generating electron beam, the 
display device can be manufactured. 

EXAMPLES 

The present invention will be specifically explained based 
on the examples hereunder. 

Example 1 

Commercially available CaN(3N), AlN(3N), SiN.(3N), 
and EuO(3N) were prepared, and each raw material was 
weighed to obtain 0.985/3 mol of CaN, 1.0 mol of AlN, 1/3 
mol of SiNa, and 0.015/2 mol of EuO and thereafter was 
mixed in the glove box under the nitrogen atmosphere by 
using the mortar. The raw materials thus mixed were put in the 
crucible and set in the firing furnace, and retained/fired for 3 
hours at 1600° C. in the nitrogen atmosphere wherein the 
pressure is set at 0.05 MPa, with the nitrogen ventilated at 1.0 
L/min while maintaining the aforementioned 0.05 MPa pres 
sure. Thereafter, the fired object thus obtained were cooled 
from 1600° C. to 200° C. for 1 hour, then the phosphor 
including the product phase expressed by the composition 
formula Cacoss AlSiN:Eulooso was obtained. The particle 
size of the obtained phosphor sample was 3 to 4 um by SEM 
observation. (hereafter, in the examples 2 to 6 also, the par 
ticle size of the obtained phosphor was 3 to 4 um by SEM 
observation.) 
The phosphor thus obtained was irradiated with the light 

with the wavelength of 460 nm emitted from the excitation 
light source, and the emission characteristic was measured. In 
the items of the emission characteristic thus measured, the 
peak wavelength is the wavelength shown by (nm) of the peak 
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18 
showing the wavelength with highest emission intensity in 
the emission spectrum. The emission intensity shows the 
emission intensity in the peak wavelength with a relative 
intensity, with the intensity of the example 2 defined as 100%, 
the luminance is the value ofY obtained based on a calcula 
tion method in the XYZ color system defined in JIS Z8701, 
and the chromaticity X, y is obtained by the calculation 
method defined in the JIS Z8701. In addition, the oxygen and 
nitrogen concentrations (O/N) contained in a phosphor par 
ticle sample are the values measured by using an oxygen/ 
nitrogen simultaneous analysis apparatus (TC-436) made by 
LECO INC., and other element concentration is the value 
measured by using the ICP. 
A measurement result of a concentration analysis of each 

element, the emission characteristic, and a powder character 
istic of the aforementioned phosphor is shown in table 1. 

Next, a powder X-ray diffraction pattern of the aforemen 
tioned phosphor sample and the comparison result with 
JCPDS card are shown in FIGS 1A and 1B. 

It is found from FIGS. 1A and 1B that the crystal structure 
of the phosphor according to the example 1 is similar to the 
CaAlSiN. crystal described in the JCPDS card in overall 
patterns of the main peaks of the X-ray diffraction pattern. 
However, the both crystal structures are considered to have 
different crystal face intervals, due to the difference of the 
amount of the oxygen which both crystal structures have and 
the fact that a part of Ca is replaced with Eu. However, it 
appears that the product phase of the phosphor according to 
the present invention also has the orthorhombic crystal simi 
lar to the CaAlSiN. crystal described in the JCPDS card. 

In regards to the main peak in the X-ray diffraction pattern, 
the product phase included in the phosphor according to the 
example 1 also has characteristic peaks in the Bragg angle 
(20) range from 36.5° to 37.5°, 40.9° to 41.9°, 41.9° to 42.9°, 
56.3° to 57.3°, 66.0° to 67.0°, 75.8° to 76.8°, and 81.0° to 
83.0°, and among them, the peak in the range from 36.5° to 
37.5°, and 41.9° to 42.9° has a high intensity and particularly 
characteristic, and the peak in the range from 56.3° to 57.3° is 
the characteristic peak that follows, and any of these peaks 
was a diffraction peak having 10% or more of relative inten 
sity, when the relative intensity of the diffraction peak having 
the highest intensity in the X-ray diffraction pattern is defined 
as 100%. 

Further, when these peaks are observed from the viewpoint 
of the half value width of the diffraction pattern, the half value 
widths of these diffraction peaks are all 0.25° or less. The 
aforementioned sharp diffraction peak shows that the product 
phase has not an amorphous structure but the structure excel 
lent in crystallinity. 
From the measurement result of the oxygen/nitrogen con 

centration, it was found that analytical values of the oxygen 
concentration and the nitrogen concentration in the phosphor 
sample were 2.4 wt % and 28.5 wt %, respectively. Mean 
while, the oxygen concentration and the nitrogen concentra 
tion calculated from a raw material mixing amount of the 
phosphor sample were 0.3 wt % and 30 wt %, respectively. 
When both concentrations are compared, in regards to the 

oxygen concentration, a fairamount of oxygen is contained in 
the sample with respect to 0.3 wt % oxygen concentration in 
the raw materials. About 2 wt % of extra oxygen thus con 
tained is considered to be the oxygen initially adhered to the 
Surface of the raw material, the oxygen mixed in by oxidiza 
tion of the Surface of the raw material during mixing and 
firing, and the oxygen adsorbed on the Surface of the phos 
phor Sample after firing, and considered to be the oxygen that 
exists separately from the structure of the product phase. 
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Meanwhile, in regards to the nitrogen concentration, an 
approximately the same amount of nitrogen (30 wt %) as 28.5 
wt % nitrogen concentration in the product phase is contained 
in the sample. From this result, it appears that there is almost 
no nitrogen that exists separately from the structure of the 
product phase. 

Further, an excitation spectrum showing the excitation 
band of the phosphor sample and the emission spectrum 
showing the emission characteristic are measured, and a 

20 
shows the range from 65° to 70°, FIG. 4F shows the range 
from 75° to 80°, and FIG. 4G shows the range from 80° to 85°. 

Example 3 

In the mixing ratio of each raw material, the phosphor 
sample according to the example 3 was manufactured in the 
same way as the example 2, excepting that CaN was 
selected to be (0.985-0.25)/3 moland CaO was selected to be 
0.25 mol, and the emission characteristic was measured. The 

result thereof is shown in FIG. 2 and FIG. 3. " measurement result of the oxygen/nitrogen concentrations, 
FIG. 2 is a graph showing the relative intensity taken on the the emission characteristic, and the powder characteristic of 

ordinate axis and the excitation wavelength (nm) taken on the the phosphor sample are shown in table 1, and the powder 
abscissa axis, and the excitation spectrum of the phosphor X-ray diffraction pattern thus obtained is shown by thin solid 
sample is plotted by solid line. 15 line in FIGS 4A to 4G. 
As clearly shown from the measurement result of FIG. 2, Example 4 

the excitation spectrum of the phosphor sample according to 
the example 1 exists over the broad range from 250 nm to 600 In the mixing ratio of each raw material, the phosphor 
nm, and it was found that the light of the broad range from the sample according to the example 4 was manufactured in the 
ultraviolet to visible light could be sufficiently effectively 20 same way as the example 2, excepting that the CaN was 
utilized. selected to be (0.985-0.50)/3 mol and the CaO was selected 

FIG.3 is a graph showing the relative intensity taken on the to be 0.50 mol, and the emission characteristic was measured. 
ordinate axis, and the emission wavelength (nm) taken on the The measurement result of the oxygen/nitrogen concentra 
abscissa axis, and the emission spectrum of the phosphor tions, the emission characteristic, and the powder character 
sample is plotted by solid line is istic of the phosphor sample are shown in table 1, and the 

e 1 E. h i h lt of FIG. 3. i powder X-ray diffraction pattern thus obtained is shown by 
Sclearly Snown rom t e measurement result O . 3, 1t thick solid line in FIGS. 4A to 4G. 

was found that the emission spectrum of the phosphor sample 
according to the example 1 had a peak value at 654 nm and Example 5 
had the half value width over the range of high visibility. 

In the mixing ratio of each raw material, the phosphor 
Example 2 sample according to the example 5 was manufactured in the 

same way as the example 2, excepting that the CaN was 
The phosphor of an example 2 was obtained in the same selected to be (0.985–0.75)/3 mol and the CaO was selected 

way as the example 1, excepting that the mixed raw material to be 0.75 mol, and the emission characteristic was measured. 
was put in the crucible and retained and fired for 3 hours at The measurement result of the oxygen/nitrogen concentra 
1500° C. in the nitrogen atmosphere, and thereafter cooled for tions, the emission characteristic, and the powder character 
1 hour from 1500° C. to 200° C., to obtain the phosphor istic of the phosphor sample are shown in table 1, and the 

s powder X-ray diffraction pattern thus obtained is shown by containing the product phase expressed by the composition hin solid line in FIGS. 4A to 4G 
formula Caoloss AlSiNa:Eulooso. thin SO1C 1ne 1n 4A to 4O. 

The measurement result ofthe oxygen/nitrogen concentra- " Example 6 
tions, the emission characteristic, and the powder character 
istic of the phosphor sample are shown in table 1, and the In the mixing ratio of each raw material, the phosphor 
powder X-ray diffraction pattern of the phosphor thus sample according to the example 6 was manufactured in the 
obtained is shown by thick solid line in FIGS. 4A to 4G. 45 same way as the example 2. excepting that the CaO was 

In FIG.4, FIG. 4A shows the X-ray diffraction pattern over selected to be 0.985 mol, and the emission characteristic was 
the entire Bragg angle (20) range from 0 to 90°, and FIGS. measured. The measurement result of the oxygen/nitrogen 
4B to 4G are expanded views of characteristic parts of the concentrations, the emission characteristic, and the powder 
Braggangle, wherein FIG. 4B shows the characteristic Bragg characteristic of the phosphor sample are shown in table 1, 
angle range from 35° to 40°, FIG. 4C shows the range from and the powder X-ray diffraction pattern thus obtained is 
40° to 45°, FIG. 4D shows the range from 55° to 60°, FIG.4E shown by thick one dot chain line in FIGS. 4A to 4G. 

TABLE 1. 

OXYGENNITROGEN 
CONCENTRATION PEAK EMISSION PARTICLE 

O N WAVELENGTH INTENSITY LUMINANCE CHROMATICITY SIZE 

(wt %) (wt %) (nm) (%) (%) X y (Lm) 

EXAMPLE1 2.2 27.5 656.2 115.0 104.8 0.679 0.32O 4.67 
EXAMPLE 2 2.4 28.5 654.O 1OO.O 1OO.O 0.675 0.324 4.70 
EXAMPLE 3 5.2 25.1 646.1 69.7 102.6 O.649 0.350 S.O4 
EXAMPLE 4 7.3 21.1 637.5 40.7 105.1 O.S99 0.398 S.68 
EXAMPLES 9.0 21.0 624.5 30.8 102.0 O.S.71 0.426 7.16 
EXAMPLE 6 11.3 20.7 6110 22.4 98.4 O.S4O 0.451 9.75 
EXAMPLE 7 1.9 28.0 659.0 116.5 105.2 O.683 0.317 S.34 
EXAMPLE 8 1.8 28.5 659.5 117.7 105.3 O.683 0.316 5.39 
COMPARATIVE 3.6 28.1 653.8 96.4 1OO.O O.674 0.325 S.2O 
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TABLE 1-continued 

EXAMPLE 3 
PDF-39-0747 

CRYSTALLITE CRYSTAL LATTICE CONSTANT DURABILITY ABSOLUTE 

BET SIZE (Dx) a-axis b-axis c-axis unit volume EVALUATION DENSITY 
(m’g) (nm) (A) (A) (A) (A3) (%) (g/cc) 

EXAMPLE1 1.10 90.8 9.806 S.653 S.066 280.8 -0.1 3.252 
EXAMPLE 2 1.00 92.8 9.796 S.649 S.062 28O1 -1.1 3.248 
EXAMPLE 3 O.96 68.5 9.7SS S.634 S.O45 277.3 -50 3.2O6 
EXAMPLE 4 O.83 76.2 9.749 S.599 S.O.30 274.6 -7.0 3.190 
EXAMPLES O.77 
EXAMPLE 6 O.63 
EXAMPLE 7 1.01 101.9 9.806 S.6SS S.O67 281.0 O.O 3.241 
EXAMPLE 8 O.99 102.6 9.808 S.656 S.O68 281.1 O.O 3.243 
COMPARATIVE 1.15 87.6 9.790 S.641 S.OS8 279.3 -2.1 3.233 
EXAMPLE 3 
PDF-39-0747 9.S84 S.629 4.986 269.O 

2O (Study on the Examples 2 to 6) 
1.) Oxygen and Nitrogen Concentrations in the Phosphor 
The mixing amount of the oxygen is increased as the 

examples are moved from the examples 2 to 6, by changing 
the mixing ratio of the CaN to CaO in the raw material. 
Therefore, the analytical value of the oxygen concentration in 
the phosphor is also increased. In addition, the oxygen con 
centration in the phosphor becomes larger than the value 
calculated from the mixing amount of the oxygen. This is 
because the oxygen is not only contained in the structure of 30 
the phosphor but is present in Such away that it is adsorbed on 
the surface or the like of the phosphor powder, in the phosphor 
according to the examples 2 to 6. Meanwhile, in regards to the 
analytical value of the nitrogen concentration, almost the 
same amount of the nitrogen as the mixing amount of the 
nitrogen is contained in the sample. From this result, it is 
considered that almost no nitrogen is separately present from 
the structure of the product phase, and the nitrogen is con 
tained in the structure of the phosphor. 
2.) Relation Between the Oxygen Concentration in the Phos 
phor and the X-Ray Diffraction Pattern 

It was found that the emission intensity of the phosphor 
was deteriorated as the examples were moved from the 
examples 2 to 6. When the emission intensity of the example 45 
2 is defined as 100% as the relative intensity, the phosphor of 
the example 3 have about 70% of the relative intensity, while 
the phosphor of the examples 4 to 6 have 40% or less of the 
relative intensity. 

Here, explanation is given to the relation between the so 
amount of the oxygen contained in the structure of the phos 
phor and the X-ray diffraction pattern in the examples 2 to 6, 
with reference to FIG. 4A to 4G. As clearly shown in FIG. 4A 
to 4G, it was found that the Bragg angle (20) having charac 
teristic peaks in the range from 36.5° to 37.5°, 41.9° to 42.9°, 
40.9° to 41.9, 56.3° to 57.39, 66.0° to 67.0°, 75.8° to 76.8°, 
and 81.0° to 83.0°, was shifted toward a higher angle side, so 
as to close to that of the CaAlSiN. crystal described in the 
JCPDS card. It was found that the crystallinity was deterio 
rated, because the intensity of the X-ray diffraction peak was 
decreased in association with the increase of the amount of 
the oxygen in the phosphor. 

This is because the crystal structure of the phosphor is 
changed, by the increase of the amount of the oxygen con 
tained in the structure of the phosphor. Further, as is seen in 65 
the examples 4, 5, and 6, when 0.50 mol or more of CaO is 
mixed and the mixing amount of the oxygen is increased, the 
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impurity phase is generated and an unreacted material is 
remained, to thereby possibly deteriorate the emission inten 
S1ty. 

Accordingly, from the viewpoint of obtaining the phosphor 
with high emission intensity, and when the relative intensity 
of the diffraction peak with highest intensity was defined as 
100% in the powder X-ray diffraction pattern by CoKo. ray, it 
was found that the phosphors shown in the examples 2 and 3 
were preferable, which have firstly the Bragg angle (20) of the 
main peak with the relative intensity of 10% or more in the 
range from 36.5° to 37.5° and 41.9° to 42.9°, and secondarily 
the Bragg angle (20) of the characteristic peak in the range 
from 56.3° to 57.3°, and thirdly the Bragg angle (20) of the 
further characteristic peak in the range from 40.9° to 41.9°, 
66.0° to 67.0°, 75.8° to 76.8°, and 81.0° to 83.0°. 
3.) Relation Between the Oxygen Concentration in the Phos 
phor and the Peak Wavelength of the Emission Spectrum 

It was found that the peak wavelength of the emission 
spectrum of the phosphor was decreased from 654 nm to 611 
nm, as the examples were moved from the example 2 to 
example 6. 
4.) Relation Between the Oxygen Concentration in the Phos 
phor and the Emission Luminance 

It was found that the luminance of the phosphor of each 
example was approximately constant in the examples 2 to 6. 
This is because the phosphor exhibits the luminance of 
approximately constant value by the shift of emission spec 
trum to a high visibility region of a human being when the 
peak wavelength of the light emission is decreased, while the 
emission intensity of the phosphor is deteriorated as the 
examples move from the examples 2 to 6. 

Example 7 

CaAlSiN:Eu was manufactured in the same way as the 
example 1, excepting that the firing temperature is set at 
1500° C., the firing time is set at 6 hours, and a ventilation 
amount of the nitrogen is set at 5.0 L/min. 

First, the commercially available CaN(2N), AlN(3N), 
SiN.(3N), and EuO(3N) were prepared. All the raw mate 
rials used at this time have the average particle size of 5.0 um 
or less. Then, each raw material was weighed, to obtain 
0.985/3 mol of CaN, 1 mol of AIN, 1/3 mol of SiN., and 
0.015/2 mol of Eu2O. Next, all the raw materials were mixed 
by using the mortar in the glove box under the nitrogen 
atmosphere, and the raw materials thus mixed were put in a 
BN crucible, then in the nitrogen atmosphere of 0.05 MPa 
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pressure, retained and fired at 1500° C. for 6 hours, with 
nitrogen ventilated therethrough at 5.0 L/min while maintain 
ing the aforementioned 0.05 MPa pressure, and thereafter, the 
temperature was cooled from 1500° C. to 200° C., to obtain 
the phosphor sample including the product phase shown by 
the composition formula Caoloss AlSiN:Eulooso was 
obtained. The particle size of the phosphor sample thus 
obtained was 5.34 um, and the specific surface area was 1.01 
m?g. Further, the emission characteristic and the powder 
characteristic of the phosphor sample are shown in table 1, 
and the powder X-ray diffraction pattern is shown in FIG. 7. 

Example 8 

The phosphor sample including the product phase shown 
by the composition formula Cacoss AlSiNEucoso was 
obtained in the same way as the example 7, excepting that the 
ventilation amount of the nitrogen was set at 10.0 L/min. The 
particle size was 5.39 um, and the specific Surface area was 
0.99 m/g. The emission characteristic and the powder char 
acteristic of the phosphor sample thus obtained, and other 
characteristics are shown in table 1, and the powder X-ray 
diffraction pattern is shown in FIG. 7. 
(Study on the Examples 1 to 8) 
1.) Control of the Oxygen Concentration in the Sample 
When the oxygen concentrations in the phosphor samples 

are compared between the example 1 and the examples 7, 8, 
the oxygen concentration in the phosphor sample manufac 
tured in the examples 7, 8 is lower than the oxygen concen 
tration in the sample manufactured in the example 1. The 
reason is considered to be that the oxygen concentration is 
reduced, when the nitrogen gas is constantly ventilated in the 
firing furnace during firing the phosphor sample, thereby 
increasing the ventilation amount to let the oxygen in the raw 
material and adhered to the crucible is released to the outside 
the firing furnace at initial period of firing. Further, the reason 
is considered to be the effect of releasing the oxygen con 
tained in EuO or the like to the outside the crystal as a 
sintering reaction of a phosphor raw material is progressed, 
and the effect of releasing the oxygen thereafter to the outside 
the firing furnace is exhibited to prevent the oxygen from 
recombining with the crystal phase. A proper value of the 
ventilation amount of the nitrogen gas during firing is con 
sidered to change depending on the Volume of the firing 
furnace or the shape of the furnace. However, in any case, 
preferably the nitrogen gas is ventilated in the furnace at 1.0 
L/min or more. 
2.) Relation Between the Crystal Lattice and the Emission 
Characteristic 

Next, based on the measurement result of the powder X-ray 
diffraction of the phosphor sample according to the examples 
1 to 4 and 7, the crystal structure analysis of the phosphor 
sample was performed by using the Rietveld method. A pro 
gram “RIETAN-2000 was used for a Rietveld analysis, and 
the crystal structure of CaAlSiN. described in 39-0747 of the 
JCPDS card was used for the crystal structure for reference. 
Further, a half value width B was calculated for a plurality of 
diffraction peaks of the diffraction pattern obtained by the 
powder X-ray diffraction measurement of the phosphor 
according to the present invention, and from the Sheller for 
mula DX=0.9WB cos 0 (here, DX is the size of the crystallite, 
w is the wavelength of the X-ray used for measurement, B is 
the half value width of the diffraction peak, and 0 is the Bragg 
angle of the diffraction peak), the size of the crystallite of the 
phosphor sample was averaged and obtained from the diffrac 
tion peak in the range from 36.5° to 37.5°, and 41.9° to 42.9°, 
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24 
56.3° to 57.3°, for the phosphor sample according to the 
example 1. The result is shown in table 1. 

It was found that the phosphor sample according to the 
example 1 has the orthorhombic crystal structure, and the 
value of the a-axis was 9.806 A, the value of the b-axis was 
5,653 A, and the value of the c-axis was 5.066 A, and a unit 
volume of the crystal lattice (described as a crystal lattice 
volume in some cases hereafter.) was 280.82 A. Also, it was 
found that the size of the crystallite (DX) of the phosphor 
sample was 90.8 nm, e.g. not less than 50.0 nm. 

It was found that the phosphor sample according to the 
example 2 had the orthorhombic crystal structure, and the 
value of the a-axis was 9,796 A, the value of the b-axis was 
5.649 A, the value of the c-axis was 5.062 A, and the crystal 
lattice volume was 280.15A. In addition it was found that the 
size of the crystallite (DX) was 92.8 nm, e.g. not less than 50.0 

. 

In the same way, the analysis of the phosphor according to 
the examples 3 and 4 was performed. Then, in regards to the 
unit lattice of the phosphor of the example 3, it was found that 
the value of the a-axis as 9.755 A the value of the b-axis was 
5.634 A, the value of the c-axis was 5.045A, the crystallattice 
volume was 277.26 A, the size of the crystallite (DX) was 
68.5 nm. In regards to the unit lattice of the phosphor of the 
example 4, it was found that the value of the a-axis was 9,749 
A, the value of the b-axis was 5.599 A, the value of the c-axis 
vas 5.030A the crystal lattice volume as 274.60A, and the 
size of the crystallite (DX) was 76.2 nm. 

It was found that the phosphor sample according to the 
example 7 had the orthorhombic crystal structure, and the 
value of the a-axis was 9.806 A, the value of the b-axis was 
5.655A, the value of the c-axis was 5.067 A, the crystallattice 
volume was 280.99A, and the size of the crystallite (DX) was 
101.9 mm, e.g. not less than 50.0 nm. In the same way, it was 
found that the phosphor sample according to the example 8 
also had the orthorhombic crystal structure, and the value of 
the a-axis was 9.808 A, the value of the b-axis was 5.656 A. 
the value of the c-axis was 5.068 A, the crystal lattice volume 
was 281. 14A, and the size of the crystallite (DX) was 102.6 
nm, e.g. not less than 50.0 nm. 
From the aforementioned evaluation results, the lattice 

constant of each crystallattice of the a-axis, b-axis, and c-axis 
in the phosphor sample is increased, with the improvement of 
the emission characteristic of the phosphor Sample, and 
simultaneously, the increase of the crystal lattice Volume is 
observed. Then, the lattice constant is increased and the crys 
tallattice Volume is increased in proportion to the reduction of 
the amount of the oxygen contained in the phosphor sample, 
and when the amount of the oxygen in the phosphor sample is 
reduced, the crystal lattice volume is increased. Details are 
unknown, regarding the cause of the increase of the crystal 
lattice Volume in association with the reduction of the amount 
of the oxygen in the phosphor sample. It is considered that the 
oxygen enters into CaAlSiN lattice of the phosphor sample, 
thereby replacing the nitrogen in the lattice with the oxygen, 
or the lattice volume of the impurity phase, in which the 
oxygen is mixed in, is Small. Therefore, it is estimated that 
when the ratio of the impurity phase is increased, the lattice 
Volume is relatively decreased. Accordingly, when the phase 
has increased lattice constant and lattice Volume and a large 
crystallite, it is estimated that further pure phase having an 
excellent emission characteristic is generated. From the view 
point of the emission characteristic, in order to obtain the 
phosphor having the emission peak wavelength of 650 nm or 
more, preferably the amount of the oxygen contained as the 
impurity is 3.0 wt % or less, and the lattice constant of each 
crystal lattice is a 9.75 A or more, b=5.64 A or more, and 
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c=5.05 A or more, and the volume of the crystal lattice is 
275.0 A or more, and further preferably a=9.80 A or more, 
b=5.65 A or more, c=5.06 A or more, and the volume of the 
crystal lattice is 280.5 A or more. Incidentally, when com 
pared with the crystal structure of CaAlSiN described in 
39-0747 of the JCPDS card, the lattice constant and the vol 
ume of the phosphor sample according to this example is 
more dramatically increased. 

Note that the phosphor sample shown in the example 8 
exhibits the highest emission characteristic. 
3.) Regarding the Powder Characteristic 
The phosphor powder obtained in the example 1 and the 

examples 7 and 8 has a smaller average particle size (D50), 
compared with the phosphor particle obtained in the 
examples 3 and 4. However, when the particle size is mea 
sured by the SEM observation, a primary particle size of the 
examples 3 and 4 is 3 to 4 um, which is the same size as seen 
in the examples 7 and 8. However, a huge particle of more 
than 20um existed at only a partial region, and sintering of the 
primary particles was also observed. As a result of the mea 
Surement of a particle size by a laser diffraction scattering 
method, it was found that no huge particle existed in the 
examples 1, 7, and 8, and the particle with significantly uni 
form diameter was generated. 
As described above, when the crystal lattice volume and 

the size of the crystallite of the crystal contained in the phos 
phor sample become large, or the amount of the oxygen in the 
crystal is reduced, the phosphorparticle with uniform particle 
diameter is easily generated after phosphor generation, and 
preferably particle characteristic and pulverizing character 
istic are thereby improved. For example, a preferable result 
could be obtained, such that the particle of the phosphor 
sample obtained in the examples 7 and 8 showed 1.0 or less of 
a coefficient of variation (standard deviation/average size) of 
a distribution of the particle size after pulverizing, thereby 
providing a significantly sharp distribution of the particle 
S17C. 

A absolute density measurement was performed in each 
phosphor sample, and it was found that the phosphor with 
excellent emission characteristic showed the value near 3.240 
g/cc. For measuring the absolute density, Ultrapycnometer 
1000 by QUANTACHROME INC. was used. When the abso 
lute density was measured for the phosphors of the examples 
3 and 4 for comparison, it was found that the absolute density 
had the tendency of reduction from 3.240 g/cc. This is 
because the impurity phase having a lower absolute density 
different from CaAlSiN:Eu was generated, and as a result, an 
overall absolute specific gravity is also lightened. As 
described above, it was found that the absolute density of the 
phosphor was in the range of 3.240 g/cct3%, and preferably 
in the range of 3.240 g/cct 1%. 
4.) Regarding Durability 
An evaluation of durability of the phosphor was performed 

for each phosphor sample according to the examples 1 to 4, 7 
and 8. 
The evaluation method of the durability of the phosphor 

was performed in Such a manner that each sample was Sub 
jected to heat treatment 300° C. in an atmospheric air for 30 
minutes, and a difference in intensity of the emission spec 
trum when the phosphor was irradiated with monochromatic 
light with the wavelength of 460 nm was evaluated, for the 
sample before the heat treatment and after the heat treatment. 
Specifically, the relative intensity of the maximum peak in the 
emission spectrum of the sample before the heat treatment 
was defined as 100%, and next the relative intensity of the 
maximum peak in the emission spectrum of the sample after 
the heat treatment was obtained by percentage, and lowering 
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26 
rate of the relative intensity of the maximum peak accompa 
nying the heat treatment was obtained by the negative value. 
The evaluation result is shown in table 1. Then, it was found 
that the durability against the heat treatment was improved as 
the lattice volume of the crystal contained in the phosphor 
sample was increased, was improved as the oxygen concen 
tration in the crystal was lowered, and was improved when the 
absolute density of the sample was closer to 3.240 g/cc. The 
reason is considered to be that the crystallites in the phosphor 
sample are more regularly arrayed, thus preventing the inva 
sion of the oxygen in the crystal, whereby the deterioration of 
the emission characteristic can be suppressed. 

Comparative Example 1 

Ca2Si3Ns:Euphosphor was prepared based on the afore 
mentioned patent documents 4 and 5, and the X-ray diffrac 
tion pattern was measured. The measurement result is shown 
in FIG.5. Then, the X-ray diffraction peak obtained in FIG.5 
and the structure analysis result in the document described in 
the patent document 4 (Schlieper and Schlick: Nitridosilicate 
I, Hochtemperatursynthese and Kristallstruktur von 
Ca2Si5N8, Z. anorg. allg. Che. 621, (1995), p. 1037) were 
compared. As a result, it was confirmed that the aforemen 
tioned phosphor was the CaSisNs:Euphosphor described in 
the patent documents 4 and 5. The crystal system of the 
phosphor is a monoclinic system, however is completely dif 
ferent instructure from the phosphor according to the present 
invention. 

Comparative Example 2 

An O-Sialon phosphor was prepared based on the afore 
mentioned patent document 3, and the X-ray diffraction pat 
tern was measured. Here, the C-Sialon is oxide nitride ceram 
ics with intermediate composition of nitride and oxide, 
composed of 4 elements such as silicon, aluminum, oxygen, 
and nitrogen, and Al is substituted for the Siposition, and O 
is substituted for the N position of C-SiNa to form a solid 
Solution, having a framework comprising a tetrahedron struc 
ture of (Si,Al) (O. N), and further having the structure 
wherein metal M (M:Mg, Ca, and lantanide metal except Y. 
La, and Ce, satisfying 0<xs2) can be dissolved differently 
from B-sialon. As a result, the X-ray diffraction peak of the 
C-Sialon phosphor shows the diffraction pattern similar to that 
of the X-ray diffraction peak of the O.-SiN. The measure 
ment result is shown in FIG. 6. 
The X-ray diffraction peak shown in FIG. 6 has a similar 

pattern to that of the C-Si Na. Then, the pattern thus obtained 
was further compared with the diffraction pattern of the sialon 
reported in the JCPDS. As a result, the X-ray diffraction peaks 
of both patterns coincide with each other, and it was con 
firmed that the phosphor according to the conventional art 
shown in FIG. 6 was the C-sialon phosphor described in the 
patent document 3. In addition, the crystal system of the 
C-Sialon was a hexagonal system, which was a completely 
different structure from the phosphor according to the present 
invention. 

Comparative Example 3 

In the same way as the example 7 excepting that the ven 
tilation of the nitrogen in the firing furnace was stopped, the 
phosphor sample containing the product phase expressed by 
the composition formula Caoloss AlSiNa:Eulooso was manu 
factured. The emission characteristic, the powder character 
istic, and other characteristics of the phosphor sample thus 
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obtained are shown in table 1. Then, in the same way as the 
examples 1 to 8, the crystal structure analysis of the phosphor 
was performed. As a result, it was found that the unit lattice of 
the phosphor according to the comparative example 3 was 
that the a-axis was 9,790 A, the b-axis was 5.641 A, the c-axis 
was 5,058 A, the crystallattice volume was 279.3 A3, and the 
size (DX) of the crystallite was 87.6 mm. 

Further, it was found that the emission intensity of the 
phosphor sample according to the comparative example 3 
was almost 20% lower than that of the phosphor sample 
according to the example 7. In addition, it was found that the 
durability against the heat treatment was deteriorated. This is 
because by stopping the ventilation of the nitrogen in the 
firing furnace, the oxygen during firing was not sufficiently 
removed, and the amount of the oxygen was increased in a 
generated product, whereby both of the crystal lattice volume 
and the size of the crystallite were reduced. 
What is claimed is: 
1. A phosphor comprising: 
a product phase expressed by a composition formula 
MADOoNn:Z, where element M is at least one or more 
kind of element having bivalent Valency, element A is at 
least one or more kind of element having tervalent 
valency, element D is at least one or more kind of ele 
ment selected from the elements having tetravalent 
Valency, 0 is oxygen, N is nitrogen, and element Z is at 
least one more kind of element selected from rare earth 
elements or transitional metal elements satisfying in 3 
2/30, 0+n>8/3, and 

showing a diffraction peak with relative intensity of 10% or 
more in the Bragg angle (20) range from 36.5° to 37.5° 
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and from 41.9° to 42.9° of the X-ray diffraction pattern, 
when the relative intensity of the diffraction peak having 
a highest intensity in a powder Xray diffraction pattern 
by CoK, ray is defined as 100%, 

wherein a crystal lattice volume of the product phase is 
280.5 A3 or more, and an oxygen content in the phos 
phor is more than 0 and 2.2 wt % or less. 

2. The phosphor according to claim 1, wherein a crystallite 
size of the product phase is 90 nm or more. 

3. The phosphor according to claim 1, wherein 
the element M is one or more kind of element having 

bivalent Valency, indispensably including Ca; 
the element A is one or more kind of element having 

tervalent valency, indispensably including Al; and 
the element D is one or more kind of element having 

tetravalent Valency, indispensably including Si. 
4. A light Source manufactured using the phosphor accord 

ing to claim 1. 
5. The phosphor according to claim 1, wherein the crystal 

lattice volume of the product phase is 281.0 A3 or more, and 
the oxygen content in the phosphor is more than 0 and 1.9 wt 
% or less. 

6. The phosphor according to claim 1, wherein the crystal 
lattice volume of the product phase is 281.1 A3 or more, and 
the oxygen content in the phosphor is more than 0 and 1.8wt 
% or less. 

7. The phosphor according to claim 1, wherein the crystal 
lattice volume of the product phase is 280.5 A3 to 281.1 A3, 
and the oxygen content in the phosphor is 1.8 wt % to 2.2 wt 
%. 


